The prevalence and the genotypic and phenotypic characteristics of multinucleoside-resistant (MNR) human immunodeficiency virus type 1 (HIV-1) variants in Europe were investigated in a multicenter study that involved centers in nine European countries. Study samples (n ‫؍‬ 363) collected between 1991 and 1997 from patients exposed to two or more nucleoside analogue reverse transcriptase inhibitors (NRTIs) and 274 control samples from patients exposed to no or one NRTI were screened for two marker mutations of multinucleoside resistance (the Q151M mutation and a mutation with a 2-amino-acid insertion at codon 69, T69S-XX). Q151M was identified in six of the study samples (1.6%), and T69S-XX was identified in two of the study samples (0.5%; both of them T69S-SS), but both patterns were absent among control samples. Non-NRTI (NNRTI)-related changes were observed in viral strains from two patients, which displayed the Q151M resistance pattern, although the patients were NNRTI naive. The patients whose isolates displayed multinucleoside resistance had received treatment with zidovudine and either didanosine, zalcitabine, or stavudine. Both resistance patterns conferred broad cross-resistance to NRTIs in vitro and a poor response to treatment in vivo. MNR HIV-1 is found only among multinucleoside-experienced patients. Its prevalence is low in Europe, but it should be closely monitored since it seriously limits treatment options.
Human immunodeficiency virus type 1 (HIV-1) has the ability to develop resistance to almost all clinically used antiretroviral drugs (11) . Reduced sensitivity to nucleoside reverse transcriptase inhibitors (NRTIs), non-NRTIs (NNRTIs), and protease inhibitors (PIs) has been studied thoroughly and is linked to specific point mutations in the reverse transcriptase (RT) and protease (PR) genes, respectively (11, 16) . Combinations of antiretroviral drugs have proved superior to monotherapy in delaying the emergence of resistant virus, but thus far no combination can guarantee the prevention of resistance development (17) . A set of mutations (A62V, S68G, V75I, F77L, F116Y, and Q151M) that leads to high-level resistance to zidovudine, didanosine, zalcitabine, and stavudine was described previously (12) (13) (14) . Since these mutations seem to accumulate in an ordered manner and the Q151M mutation is the first mutation to appear, Q151M can be considered a marker mutation (4, 13) . The presence of Q151M by itself confers low-level resistance to these nucleoside analogues (4) . A 6-bp insert between codons 68 and 70 of the RT gene, which is usually T69S-SS and which is often associated with zidovudine-related mutations, has been reported as a novel pattern of multinucleoside resistance (1, 7, 20) . Despite the frequent use of NRTIs, the frequencies of both of these patterns appear to be relatively low. The prevalence of the Q151M resistance pattern has been reported to vary from 2.7 to 17% in patients receiving combination therapy with zidovudine and didanosine or zalcitabine, either sequentially or simultaneously (2, 5, 13) , although no large international studies have ever been performed. In a preliminary report, the prevalence of the 6-bp insert at RT codon 69 in Spanish nucleoside-treated HIV-1 patients was estimated to be 0.8% (V. Soriano, M. Pérez-Olmeda, M. Gómez-Cano, C. Briones, and J. Gonzalez-Lahoz, Program abstr. Int. Conf. Discovery Clin. Dev. Antiretroviral Therapies, abstr. 49, p. 50, 1998).
A multicenter study was set up in an attempt to establish the prevalence in Europe of these two multinucleoside resistance patterns in the patients at highest risk, those with experience with multiple nucleoside analogues, compared to the prevalence of these patterns in single nucleoside-experienced or drug-naive patients. The variants that were identified were characterized genotypically and phenotypically, and the data were linked to the clinical outcome. Additionally, the frequency of the drug-specific NRTI-related mutations in HIV-1 RT was determined by a line probe assay (LiPA HIV-1 RT, Innogenetics, Ghent, Belgium).
MATERIALS AND METHODS
Patient population and study design. In this multicenter study we had access to 755 samples, collected between 1991 and 1997, of HIV-1-infected patients from nine European countries. The participating centers were asked to select from their available samples on the basis of the following inclusion criteria: (i) the study samples had to be obtained from HIV-1-seropositive patients treated for at least 6 months with multiple NRTIs (irrespective of treatment with lamivudine) either sequentially or in combination and (ii) the control samples had to be obtained from HIV-1-seropositive patients who were either drug-naive or had been treated with only one NRTI. These inclusion criteria were based on the observation that previously these multinucleoside resistance patterns seemed to be linked to experience with at least two of the following nucleoside analogues: zidovudine, didanosine, zalcitabine, or stavudine (7, 13, 14, 21) . On the basis of these criteria, 440 study samples (Denmark, n ϭ 83; Germany, n ϭ 10; Italy, n ϭ 34; Luxembourg, n ϭ 8; Spain, n ϭ 67; Sweden, n ϭ 45; Switzerland, n ϭ 150; The Netherlands, n ϭ 26; and Belgium, n ϭ 15) were provided. For most countries, all readily available samples were collected, whereas for Switzerland a random selection of 150 samples was made, and for Sweden samples with a detectable viral load were selected. Plasma or serum samples, therapy history, and clinical data were provided by the participating centers. All amplified samples were screened for Q151M by a selective PCR (ARMS-151) or by a research version of the LiPA (LiPA-151). The results for the viral strains that scored a mixture of a wild-type and a mutant sequence by LiPA-151 were verified with an amplification-refractory mutation system (ARMS-151), and vice versa. In cases of ambiguous results, ARMS-151 was performed after cloning or a follow-up sample of the same patient was analyzed. To identify samples with an insert at position 69, LiPA HIV-1 RT was performed for all samples. Since the probes for positions 69 and 70 do not take into account a possible insertion at position 69 and since the strip is designed such that a template with a single mismatch fails to hybridize (15) , the viral strains with an insertion at codon 69 are expected not to score at either the 70K wild-type or the 70R mutant lane. Thus, the RT genes of viral strains that scored negative for positions 69 and 70 were sequenced to verify the cause of hybridization failure and, eventually, to confirm the presence of an insert at this position.
RNA extraction and cDNA synthesis. Viral RNA was extracted from plasma or serum with the QIAamp Viral RNA kit (QIAgen, Hilden, Germany), TRIzol (Life Technologies, Merelbeke, Belgium), or Nuclisens (Organon Teknika, Boxtel, The Netherlands), according to the manufacturer's instructions, followed by reverse transcription into cDNA with the Gene Amp RNA-PCR kit (PerkinElmer, Brussels, Belgium) with random hexamers.
LiPA protocols. For the LiPA HIV-1 RT, amplification was performed as described by the manufacturer (15) , and genotypic resistance at positions 41, 69, 70, 74, 184, and 215 in the RT gene was monitored. A research version of LiPA (LiPA-151) provided by Innogenetics (Ghent, Belgium), was used to score wildtype and mutant sequences at position 151 by using the same amplification product and protocol used for the LiPA HIV-1 RT which has a detection limit of 1,000 copies/ml (15) . The performance of LiPA-151 was validated with the panel of plasmids as described by Stuyver et al. (15) , as well as with several clinical samples with known DNA sequences, and the LiPA-151 showed 100% specificity for the wild-type and mutant templates.
Selective PCR for RT codon 151 (ARMS-151). A selective PCR for detection of the Q151M mutation based on an ARMS was performed as described elsewhere (19) . Starting with control HIV-1 RNA, the wild-type and mutant primers have a detection limit of 100 copies/ml with wild-type and mutant RNA templates, respectively. The discriminatory window (the difference in detection limit for the correct template and the detection limit caused by primer leakage) is at least 2 logs (19) .
Sequencing of the RT and PR genes. To amplify the PR gene or the RT gene, an outer PCR with primers AV150 and RT2 was followed by a nested PCR with primers RVP5 and RVP3 or M13USP-A35 and M13RSP-NE-(1)35, respectively (18) . Sequencing was performed with primers USP, RSP, AV36, and AV44 for the RT gene and with primers RVP5 and RVP3 for the PR gene by use of dye terminator technology (ABI PRISM Big Dye Terminator Cycle Sequencing Ready Reaction Kit; Perkin-Elmer). The sequences were analyzed on an ABI Prism 310 sequencer (Perkin-Elmer) (19) . The entire PR gene and the RT gene up to codon 255 were thus obtained. To screen for the presence of a 6-bp insert, 2 l of the outer PCR product (obtained by the LiPA HIV-1 RT PCR or the ARMS-151 PCR) was used in a LiPA nested PCR. Primers RT-1 and RT-4 (15) were tailed with M13-USP and M13-RSP, respectively; the biotin group was omitted. Sequencing of the RT gene from amino acids 29 to 220 was performed as described above.
Cloning. By using A35 and NE(35) (19) as the outer primers and the tailed RT-1 and RT-4 (15) as the inner primers (see the sequencing protocol described above), a 610-bp PCR fragment was inserted into a plasmid vector (TOPO TA cloning kit; Invitrogen, Groningen, The Netherlands) according to the instructions of the manufacturer. For each sample at least 10 colonies were screened by the ARMS-151 PCR with the inner primer pair.
Phenotypic drug resistance. Phenotypic drug resistance was evaluated by the recombinant virus assay with the modifications described previously (18) . A PCR with outer primers AV150 and RT2, which amplified the RT and PR genes, was followed by a nested PCR for amplification of the RT gene with primers IN5 and IN3 or the PR gene with primers RVP5 and RVP3 (18) . The purified nested PCR products (Microcon-50; Amicon, Beverly, Mass.) were mixed with linearized plasmid pHIV⌬RT-BstEII from which the RT gene was deleted (obtained from B. A. Larder, Glaxo Wellcome, Stevenage, United Kingdom) or plasmid pHIV⌬PR-BstEII from which the PR gene was deleted (obtained from E. Blair, Glaxo Wellcome), and the plasmids were added to MT4 cells. After electroporation, the MT4 cells were maintained in supplemented RPMI 1640 medium until the virus-induced cytopathogenic effect (CPE) was microscopically detected. After titration for infectivity (10), a standardized virus input was used to infect MT4 cells in the presence of increasing concentrations of the drug to be tested. HIV-1 drug susceptibility was determined by an MT4-3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide-based CPE protection assay (9) . The 50% effective concentration (EC 50 ) was defined as the concentration of inhibitor required to inhibit the virus-induced CPE by 50%. Zidovudine was synthesized as described previously (3) . Didanosine, zalcitabine, and stavudine were purchased from Sigma, Bornem, Belgium; lamivudine and abacavir were purchased from Glaxo Wellcome; adefovir and tenofovir were purchased from Gilead Sciences, Foster City, Calif.; nevirapine was purchased from Boehringer Ingelheim, Ridgefield, Conn.; delavirdine was purchased from Pharmacia & Upjohn, Kalamazoo, Mich.; efavirenz was purchased from Du Pont Pharmaceuticals, Wilmington, Del.; indinavir was purchased from Merck Research Laboratories, West Point, Pa.; saquinavir was purchased from Roche Products Limited, Welwyn Garden City, United Kingdom; ritonavir was purchased from Abbott Laboratories, Abbott Park, Ill.; and nelfinavir was purchased from Agouron Pharmaceuticals, La Jolla, Calif. EC 50 s were compared to the mean EC 50 s for a control wild-type strain (HIV-1 III B ) and were expressed as fold resistance. The genotypes of the recombined virus stocks were verified by sequencing.
RESULTS
Prevalence of the Q151M mutation and the 6-bp insert at RT codon 69. The RT genes in 82.5% (363 of 440) of the study samples and 87% (274 of 315) of the control samples could be amplified (Table 1 ). The detection limit of the PCRs used is about 1,000 RNA copies/ml. Viral load data could be collected for 42% of the study samples with PCR failure, and almost all of them had viral loads below 1,000 copies of RNA/ml, suggesting that low viral loads were the major cause of PCR failures. Six of 363 (1.6%) study samples were identified as containing viral strains that displayed the mutation Q151M (Table 1) : in five samples as pure mutants and in one sample as a mixture with wild-type isolates (Table 2) . No virus with the Q151M mutation was detected in the control samples (Table  1 ).
All 637 samples from which RT genes were amplified were screened by the LiPA HIV-1 RT (363 study samples; 274 control samples). For 23 study samples and for 18 control samples, no score was obtained at positions 69 and 70. The RT genes in these 41 samples were sequenced. Two study samples with viral strains with a T69S-SS insert (Table 1 ) and one control sample with a viral strain with a T69S insert were identified. The viruses in the other 38 samples all had mismatches at positions 69 and 70 or at surrounding positions. One virus with the insert was obtained from a patient who was receiving zidovudine, didanosine, and lamivudine combination therapy; the other viral strain was from a patient who was receiving zidovudine and zalcitabine combination therapy. The control sample with the viral strain with the T69S mutation was from the latter patient but had been obtained in an earlier period, when the patient had been treated only with zidovudine.
Antiretroviral treatment and characteristics of patients with isolates with Q151M or T69S-SS mutations. The treatment schedules for the six patients whose isolates had the Q151M mutation and the two patients whose isolates had the T69S-SS mutation are presented in Table 2 . In all but one patient Q151M emerged when the patients were treated with zidovudine and a second NRTI. In one patient Q151M emerged during didanosine monotherapy following previous zidovudine exposure (Table 2 ). At the time that the Q151M mutation was first identified retrospectively, the average time of exposure to zidovudine was 15 months (range, 2 to 42 months), that to didanosine was 13.5 months (range, 6 to 24 months), that to zalcitabine was 5 months (range, 2 to 7 months), and that to stavudine was 12 months. When the Q151M mutation emerged, all except one of the patients had low CD4 counts and high viral loads.
The results for the two patients whose isolates had the T69S-SS mutation are demonstrated in Fig. 1A and B. Isolates with the T69S-SS mutation were identified in these two patients 17 and 27 months after exposure to zidovudine, respectively. The corresponding exposure times to didanosine were 15 and 24 months.
Genotypic characterization of viruses carrying the Q151M or T69S-SS mutation. For all patients whose viruses displayed the Q151M mutation, except PMAS, Q151M was associated with other mutation(s) characteristic of this resistance pattern, including A62V, S68G, V75I, F77L, and F116Y (Table 3 ). In the viruses of patients IT2 and SP1, no other resistance-related mutations in addition to the typical multinucleoside resistance mutations were identified. Viral strains from patients IT1 and SW2 showed several zidovudine-related mutations. For patient SW2, M184V (lamivudine-related) and Y115F (abacavir-related) mutations were additionally found in the absence of abacavir experience. Viruses from two patients displayed NNRTIrelated changes, although the patients had not been treated with any NNRTI. Sequencing of PR (except for patient SP2) was performed using the same sample. Patient SW2 harbored virus with major PI-related mutations (V82A/V and L90L/M) (data not shown).
In the two patients whose viruses displayed the T69S-SS mutation, the RT genes of viral strains in preceding and follow-up samples were sequenced in order to follow the development of the 6-bp insert (Fig. 1) . The viral strains from patient SW3 (Fig. 1A) carried no drug-related changes in any sample ZDV/ddI/Ϫ/ZDV-ddC/ZDV-3TC/d4T-3TC a Abbreviations: M, male; F, female; I, Italy; E, Spain; S, Sweden; Z, Switzerland; IVDU, intravenous drug user; ND, not determined; ZDV, zidovudine; ddI, didanosine; ddC, zalcitabine; d4T, stavudine; 3TC, lamivudine; SQV, saquinavir; IDV, indinavir; RTV, ritonavir. b At the time that the Q151M or T69S-SS mutation was first identified; for viral load first available value is given. c Total duration of treatment with nucleoside analogues before Q151M or T69S-SS was identified retrospectively. d Slashes denote successive treatments, minus signs indicate no treatment, and hypens mark combination treatments. The presence of Q151M or T69S-SS is noted by underscores; the treatments that the patients were receiving at the time the original samples (that were included in the screening) were obtained are in boldface type. 
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on September 7, 2017 by guest http://aac.asm.org/ up to August 1994. At that time the patient had experience with zidovudine and didanosine. The T69S-SS insert and zidovudine-related changes were first identified when the treatment consisted of zidovudine, didanosine, and lamivudine. Later on during this regimen, the patient's virus also acquired the M184I mutation and the A62V mutation, a mutation usually seen in the context of the Q151M multinucleoside resistance pattern. The RT gene of the viral strain in the last sample analyzed (August 1996) showed the same genotype. Patient SW3 had CD4-cell counts that gradually decreased and high viral loads, clinical deterioration, and no response to a PI-containing therapy. The patient died in February 1997. After 2 years of zidovudine monotherapy (January 1993), the first sample from patient CHG analyzed (Fig. 1B) contained isolates with T69S and K70R mutations. The next isolates sequenced in samples obtained from April to September 1995 showed a T69S-SS insert together with the K70R and T215Y mutations. The patient was treated during this period with zidovudine and zalcitabine, after a period of didanosine monotherapy. In April 1996 the insert was still present. The therapy was later changed to zidovudine and lamivudine, with a reversion to T69S and K70, maintenance of the T215Y mutation, and acquisition of the M184V mutation. Subsequently, when the treatment consisted of lamivudine and stavudine, the RT genotype no longer changed and the insert remained absent. The patient remained asymptomatic, with high CD4 cell counts and a good response to lamivudine, stavudine, and indinavir therapy. Phenotypic characterization of viruses carrying the Q151M or T69S-SS mutation. The recombinant virus assay was successfully performed for six patients and failed for two patients. Genotypic and phenotypic data are summarized in Tables 3  and 4 . Compared to the original patient virus, three recombinant viruses (indicated by R subscripts) showed drug-related alterations in their genotypes: IT2-31.15 R , SP1-9612024 R , and SW2-11546 R (Table 3 ). The scoring of the polymorphic sites assured us that it was still the same patient viral strain and not a contaminant. All viruses were highly resistant to zidovudine, with extremely high levels of zidovudine resistance for SW1-10671 R , which displayed the complete Q151M resistance pattern, and for SW2-11546 R , which had the Q151M multinucleoside resistance pattern combined with zidovudine-related mutations, including T215Y. Both isolates were also resistant to lamivudine (greater than ninefold compared to a wild-type reference virus) in the absence of a lamivudine-related mutation at position 184. The Q151M resistance pattern is probably responsible for the lamivudine resistance. Compared to the phenotypic data for IT1-31.8 R , with only Q151M as the characteristic amino acid change for this multinucleoside resistance pattern, isolates from all other patients had higher levels of resistance to zidovudine, didanosine, zalcitabine, and stavudine. Sample SW1-10671 R also showed decreased sensitivity to abacavir (7-fold), tenofovir (6-fold), nevirapine (14-fold), and delavirdine (18-fold). Isolate SW2-11546 R had decreased sensitivity to ritonavir (sixfold) (data not shown).
Isolate SW3-10125 R , which had the T69S-SS insert and several zidovudine-and lamivudine-related mutations (Table 3) , showed high-level resistance to zidovudine, stavudine, and lamivudine (Table 4) , with higher levels of resistance to zidovudine than those for the isolates that carried the Q151M mutation. Decreased sensitivities to zalcitabine and tenofovir were noted nine-and sixfold, respectively), while wild-type sensitivity to didanosine was seen, despite the didanosine experience. Genotyping of the recombinant virus showed no drug-related changes other than those present in the patient isolate (Table 3) .
Other NRTI-related mutations in the study and control population. For 456 of 637 amplifiable samples, LiPA HIV-1 RT gave interpretable results for all codons (71%). The detection failures for the different codons ranged from 6 to 10%: for codons 41, 69, 70, 74, 184, 214, and 215, 9, 7, 7, 6, 7, 10, and 9%, respectively.
Of the 274 control samples, 114 samples were obtained from antiretroviral drug-naive patients (from Denmark, Sweden, Spain, and Belgium) ( Table 1) . Viruses in 93 (82%) of the samples had wild-type genotypes at positions associated with resistance to nucleoside analogues. However, viruses in 21 (18%) of the samples displayed at least one resistance-related M41 A62 D67 S68  T69  K70  V75  F77 A98 K103 Y115 F116 Q151 V179 Y181 M184 L210 T215 K219 IT1-31.8
The strains with suffix R refer to the recombinant virus. b All amino acid changes related to resistance are given. Slashes denote mixtures. A, alanine; C, cysteine; D, aspartic acid; F, phenylalanine; G, glycine; I, isoleucine; K, lysine; L, leucine; M, methionine; N, asparagine; Q, glutamine; R, arginine; S, serine; T, threonine; V, valine; W, tryptophan; Y, tyrosine.
b All amino acid changes related to resistance are given. c The Q/M mixture was detected by ARMS-151 and LiPA-151; by sequencing only Q151M was detected. d Polymorphisms other than the resistance-related changes at positions associated with resistance. e T215Y/F was detected by LiPA HIV-1 RT; T215F was scored by sequencing.
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mutation associated with a loss of sensitivity to zidovudine, didanosine, zalcitabine, or lamivudine. Viral strains from 15 patients displayed the M41L, K70R, or T215Y/F mutation, or a combination of these mutations, which are related to zidovudine resistance. Viral strains from three patients displayed M184V, which is related to lamivudine, zalcitabine, and didanosine resistance. Three patients harbored virus with zidovudine mutations in combination with another mutation (T69K, L74V, or M184V). In total, 358 samples from the study arm and 145 samples from the control arm were from patients who were zidovudine experienced (Table 1) , and the viruses in 77% of these samples had zidovudine-related mutations (M41L, K70R, and/or T215Y/F). Of the 267 samples from patients treated with didanosine (study and control samples together), 16% harbored viruses with the L74V mutation. Viral strains with the T69D mutation were found in 7.5% of the samples from patients with zalcitabine experience (n ϭ 120), and isolates with the M184V mutation were found in 52% of the samples from patients with lamivudine experience (n ϭ 21). Additionally, the M184V mutation occurred in 3.5 and 10% of the samples from patients treated with didanosine and zalcitabine, respectively, and caused decreased sensitivity to lamivudine.
DISCUSSION
This study was performed to monitor the prevalence of multinucleoside resistance in European HIV-1-infected patients, starting with 440 samples obtained from patients with multinucleoside experience (study samples) and 315 samples obtained from patients treated with no more than one NRTI (control samples). The samples were collected from patients in nine European countries between 1991 and 1997. We screened for the key mutations linked to the two currently known multinucleoside resistance patterns: (i) Q151M mutation linked to multinucleotide resistance pattern A62V, S68G, V75I, F77L, and F116Y (12, 14) by ARMS-151 or LiPA-151 and (ii) the 6-bp insert at position 69 in the RT gene which, together with zidovudine-related mutations, confers multinucleoside resistance (1, 7, 20) , as detected by LiPA HIV-1 RT and by sequencing of samples with negative score for codons 69 and 70. Additionally, we were able to measure the prevalence of nucleoside analogue resistance in our sample groups as scored by LiPA HIV-1 RT.
Among the study samples (n ϭ 363), the Q151M mutation was identified in six samples (1.6%) and the 6-bp insert at position 69 (in all isolates a T69S-SS mutation) was identified in two samples (0.5%). No multinucleotide resistance of either pattern was observed for isolates from the control samples. These are the first values of the overall prevalence of multinucleoside resistance reported for such a large set of European patients, making it the most accurate European estimate available. Although no restriction on viral load level was made as an inclusion criterion, the low rates of PCR failures for the viruses in both the study (17.5%) and control (13%) samples suggest that most of the samples included in this study have viral loads above the detection limit of the PCRs used (about 1,000 RNA copies/ml). All samples were collected retrospectively and dated from the period from 1991 to 1997. The suboptimal regimens that these patients received, which consisted of sequential monotherapies or bitherapies with nucleoside analogues, were generally not able to inhibit completely viral replication, creating an ideal situation for the emergence of drug-resistant virus variants. Previously, the frequency of the Q151M mutation in two studies of small populations (116 and 150 patients, respectively) of multinucleo- side-experienced patients (with at least 6 months of experience) from a limited number of European countries was reported to be in the range of 2 to 3.5%, while no Q151M mutation was observed in patients with no NRTI experience or experience with a single NRTI (2, 13). The acquisition of Q151M requires 2 base changes (Q151L and Q151K), with a poor replicative capacity of the possible intermediate variants, and this can contribute to the low prevalence of Q151M (6). Kavlick et al. (5), however, described a 17% prevalence of the Q151M mutation in U.S. patients with long-term experience (more than 36 months) with zidovudine and didanosine. The possible linkage between the longer exposure to NRTIs (36 months in the study by Kavlick et al. [5] ) and the high prevalence of the Q151M mutation needs further investigation, since in the future the duration of combination treatments that include NRTIs will undoubtedly increase. On the other hand, the introduction of HAART (highly active antiretroviral therapy), which results in sustained low viral loads in a large proportion of patients, may be responsible for a decrease in the prevalence of multinucleoside resistance. We could not draw conclusions on the evolution of the prevalence of multinucleoside resistance over time since there was not an equal distribution of the samples over the different years of collection (1991 through 1997). Since the strategies for the treatment of HIV infection in Europe have changed fundamentally, it is difficult to extrapolate the prevalence measured in this study to the current prevalence of multinucleoside resistance and that in the near future. Few data are available about the prevalence of the 6-bp insert at position 69. A preliminary report (Soriano et al., Program abstr. Int. Conf. Discovery Clin. Dev. Antiretroviral Therapies, 1998) of a study from Spain in which the same strategy of sequencing of samples with a negative score for codons 69 and 70 by LiPA was used mentions a prevalence of 0.8% in patients who failed didanosine-or stavudine-containing therapy. This is similar to what we report here for the overall prevalence in Europe. An underestimation of the prevalence by this strategy is possible, since isolates that contain inserts in a mixture with the wild type will be missed. All six patients whose isolates were found to have the Q151M mutation had been treated with zidovudine and either didanosine, zalcitabine, or stavudine when the Q151M mutation was first observed. This indicates that combinations with zidovudine and stavudine can also select for the Q151M mutation-induced resistance pattern, an observation that was not reported before. The isolate from one patient showed the Q151M mutation 2 months after the patient started antiretroviral treatment (zidovudine and zalcitabine) ( Table 2 ). Since no sample from an earlier date was available from this patient, it cannot be excluded that the Q151M mutation was already present in the period when the patient was antiretroviral drug naive, possibly as a result of the transmission of a virus that carried the Q151M mutation. The presence of the Q151M mutation in a recently infected naive patient was reported in a French study that . 1], abstr. 37, 1999) . Similar to the Q151M resistance pathway, the 6-bp insert in our patients appeared during treatment that contained zidovudine and didanosine or zalcitabine. Since in clinical practice the majority of HIV-1-infected patients are zidovudine experienced, the prerequisite for zidovudine experience in the development of multinucleoside resistance is difficult to study.
The Q151M multinucleoside resistance pattern and the classical zidovudine resistance pathway with T215Y/F as a marker mutation were previously described as two distinct mutational pathways, were seldom identified in viruses from the same patient, and did not occur in the same HIV-1 strain (5, 13). We observed one patient (patient SW2) who harbored virus with both the Q151M and the T215Y/F mutations as the complete mutant population, indicating that both mutational pathways are compatible (data not shown). It is possible, however, that the presence of both mutations is the result of recombination events after the separate development of both patterns. In this patient, the accumulation of the multinucleoside resistance pattern and of NRTI-and PI-related mutations still results in a fully competent virus capable of replicating to high viral loads.
The viruses from two patients with the Q151M mutation displayed NNRTI-related changes in the absence of NNRTI experience (Tables 2 and 3 ). In addition, the recombinant virus isolate from patient SW2 had acquired NNRTI-related mutation K103R, which was absent in the original patient virus. Cross-talk between the Q151M-related mutations which cluster together next to the active site opposite the NNRTI binding pocket and the NNRTI-related mutations has been reported before (A.-M. Vandamme et al., Sixth Eur. Conf. Clin. Aspects Treat. HIV Infect., Hamburg, Germany, 1997), with the difference being that the NNRTI-related mutations had been acquired under NNRTI drug pressure. As we observed in patient SW1 (Table 4) According to a previous report (13) , phenotyping of viruses with several mutations of the Q151M mutation pathway revealed important cross-resistance to zidovudine, didanosine, zalcitabine, and stavudine and partial cross-resistance to lamivudine. We confirmed this cross-resistance and found that these viruses maintain normal or only slightly reduced susceptibility to abacavir, tenofovir, and adefovir; one isolate, however, was resistant to abacavir and tenofovir (Table 4) . Phenotyping of one of the isolates with the T69S-SS mutation revealed high-level resistance to zidovudine, stavudine, and lamivudine and decreased sensitivity to zalcitabine and tenofovir. Winters et al. (20) also found that viruses with variable 6-bp inserts in combination with the T215Y mutation and without adefovir-associated mutations had reduced suscepti-bility to adefovir. The implications for abacavir, adefovir, and tenofovir therapy cannot yet be drawn from the few available data.
Except for the one patient with stable low viral loads and high CD4 counts during zidovudine and stavudine combination therapy reported above, the patients whose viruses had the Q151M pattern had poor responses to NRTI-containing regimens. Indinavir was included as part of triple-drug therapy with NRTIs (patients SW1, SP1, and SW2), resulting in a sustained drop in viral load only for patient SP1. We can only speculate about a reversion of Q151Q/M toward the wild type since samples obtained later were not analyzed. The change to dual PI therapy (saquinavir and ritonavir) had only a transient effect on the viral load for patient SW1; for patient SW2 the viral load remained above 4.5 logs. Genotyping was performed during indinavir therapy for the viral strain from patient SW2 and revealed major PI mutations. Thus, use of the combination of NRTIs with a PI(s) to treat patients with the Q151M multinucleoside resistance pattern does not guarantee suppression of viral replication, as it can result in the accumulation of PI-related mutations.
For the viruses from two patients with the T69S-SS insert in combination with zidovudine-related mutations, we observed two different evolutions ( Fig. 1 ) both in the stability of the genetic rearrangement and in the clinical evolution of the patients. Patient SW3 was already in a later stage of the disease at the time that the virus acquired the insert, and the maintenance of the T69S-SS insert was associated with a progressive deterioration and no therapy response even after the inclusion of indinavir in the therapeutic regimen. The virus from patient CHG lost the T69S-SS insert, after it was present for at least 12 months, with a reversion to the baseline genotype (T69S). This patient remained asymptomatic and had a good response to therapy (lamivudine, stavudine, and indinavir) after the insert was lost. Even though we identified only two patients whose viral strains had the T69S-SS insert, we observe that this multinucleoside resistance pattern does not always predict the failure of therapy and a bad clinical outcome.
For viruses from samples from antiretroviral drug-naive patients (n ϭ 114) the prevalence of baseline resistance mutations to NRTIs was 18%. The viruses mostly displayed resistance to zidovudine, followed by resistance to lamivudine. If K70R is considered a naturally occurring polymorphism rather than a resistance-related mutation (8) , the prevalence of baseline resistance drops to 8.5%. Mutations in viruses from antiretroviral drug-naive patients were mostly present as a mixture with the wild-type population. In viruses from NRTI-experienced patients we observed a high prevalence of zidovudineand lamivudine-related mutations and a low prevalence of zalcitabine-and didanosine-related mutations.
In conclusion, both multinucleotide resistance patterns, the Q151M resistance pattern and the 6-bp insert at codon 69, display very similar characteristics. They both appear at low prevalences in Europe (Ͻ2% each) and in patients with longterm zidovudine experience and either didanosine, zalcitabine, or stavudine experience (on average, 11 months for patients whose isolates carried the Q151M mutation and 21 months for patients whose isolates had the T69S-SS insert). These mutations have not been observed in patients with no NRTI experience or experience with a single NRTI. Both resistance patterns are associated with phenotypic cross-resistance to zidovudine, stavudine, lamivudine, and zalcitabine and a poor response to NRTI therapy. Genotypically, viruses with the Q151M or T69S-SS resistance pattern can display other mutations related to NRTI, NNRTI, or PI resistance, including the classical zidovudine resistance mutations such as T215Y. The reasons why one of both multinucleoside resistance patterns occur and why most patients with multinucleoside experience do not develop either of these resistance patterns are issues that remain to be clarified.
